Abstract: Colonic diverticular disease is the most common cause of lower gastrointestinal bleeding. In the past, this condition was usually managed with urgent colectomy. Recently, the development of endoscopy and interventional radiology has led to a change in the management of colonic diverticular bleeding.
of diverticular bleeding was always made by urgent colonoscopy. The colonic diverticular bleeding stopped spontaneously in over 80% of the patients, but a re-bleeding was not rare. Recently, interventional endoscopy and angiography became the first-line approach, thus relegating emergency colectomy to patients presenting with hemodynamic instability or as a second-line treatment after failure or complications of hemostasis with less invasive treatments.
Colonoscopy is effective to diagnose diverticular bleeding. Nowadays, interventional endoscopy and angiographic treatment have gained a leading role and colectomy should only be entertained in case of failure of the former.
(Medicine 94(44):e1710)
Abbreviations: CT = computed tomography, EMBASE = Excerpta Medica Database, GI = gastrointestinal, LGIB = lower gastrointestinal bleeding, NRCCTs = nonrandomized clinical controlled trials, PRISMA = Preferred Reporting Items for Systematic Reviews and Meta-Analyses, RCTs = randomized controlled trials, SIGN = Scottish Intercollegiate Guidelines Network, TAE = transcatheter arterial embolization.
BACKGROUND
L ower gastrointestinal bleeding (LGIB) has an annual incidence of 36 per 100,000 in the United States, approximately 5 times less than upper gastrointestinal (GI) bleeding 1 and it is usually caused by diverticular disease. 2, 3 Diverticular bleeding resolves spontaneously with conservative management in the majority of patients, but often recurs. Moreover, persistent bleeding or acute and massive bleeding presenting with hemodynamic disorders requires an interventional treatment. 4 Recently, the development of new technologies such as interventional endoscopy, angiography, and laparoscopic surgery has led to a change in the management of patients with colonic diverticular bleeding. [5] [6] [7] Colectomy is still necessary in extreme settings and when less invasive procedures are unsuccessful or unavailable. Although this topic has been the subject of several studies in the recent past, the question of what is the best treatment for acute diverticular bleeding still remains unanswered. Therefore, we performed a systematic review of the literature on the current management of bleeding from colon diverticular disease.
METHODS
We followed the methodology suggested by PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) statement. 
Studies Selection
Inclusion criteria for the present systematic review included: published randomized controlled trials (irrespective of sample size, follow-up, or methodological quality), observational trials, case series, and case reports published between January 2005 and August 2014, concerning patients admitted with a diagnosis of colonic bleeding. We excluded the studies that did not report specific data on the cause of the LGIB. Two authors performed the online bibliographic research (CR and RC) and screened the papers by their title and their abstract to identify those needing further full text assessment to establish their possible relevance according to the inclusion and exclusion criteria. In case of overlapping patient populations, the most recent study or the study with the better methodological quality was considered.
Data Extraction
CR and RC assessed the included studies for their methodological quality using the revised and modified grading system of the Scottish Intercollegiate Guidelines Network (SIGN). 9 The same 2 authors (CR and RC) independently retrieved the data of interest. The outcomes of interest were: rate of diverticular disease as source of GI bleeding; incidence of self-limiting diverticular bleeding; management of persistent (non self-limiting) bleeding (endoscopy, angiography, surgery); and recurrent diverticular bleeding.
Ethics Approval
This study is a systematic review. Ethics approval or institutional review board approval was not necessary, as the study did not involve patient consent.
RESULTS
The PRISMA flow diagram for systematic review is shown in Figure 1 . The initial search produced 643 potentially relevant papers. After screening for titles and abstracts, 14 papers were further assessed for eligibility; 3 were excluded because outcome data were not available. No RCTs were found. Eleven non-randomized controlled trials (NRCTs), with 701 patients were included in this systematic review (Table 1) . [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] The mean modified SIGN grading score of the included articles was 7.3 points ( Table 2 ).
Weaknesses of the Included Studies
Some of the announced outcomes were often not available. None of the studies noted any information about the colonoscopy sedation and not all study reported if bowel preparation before colonscopy was done (Table 3) ; only 1 article (Heianna et al 10 ) reported that during transcatheter arterial embolization (TAE) no patient received any sedation. Data on TAE and surgical approach (laparotomy vs. laparoscopy) were not well defined; those concerning the extent and location of colonic diverticula, endoscopic treatment, and/or arteriography with immediate superselective embolization, surgical treatment, and/or diagnostic-therapeutic timing were variable between the included studies and not homogeneous. Most of the studies did not report follow-up data 12, [14] [15] [16] 18, 20 (Table 1) .
Effects of Interventions
In all studies, diverticular bleeding was always diagnosed by colonoscopy (Table 3) ; only 4 of them were based on the criteria described by Jensen, Prakash, and Zuckerman, 13, 15, 17, 20 which consist in evident endoscopic stigmata such active Inclusion criteria Total score, 13; <6, poor quality; 6-9, fair quality; !10, good quality.
bleeding, visible vessel, and adherent clot, and presumptive findings such as presence of fresh blood within 1 or more colonic segments and diverticular erosions. Our literature revision confirmed that in most of cases spontaneous hemostasis avoided interventional treatment. In fact, the identified reports showed how only 16% (7.6% to 100%) of patients with colonic bleeding needed an interventional treatment. Endoscopic treatment represents the most performed initial approach for unremissive bleeding, accounting for 66% of all treated patients. TAE was performed in about 10.5% (3.3% to 100%) of all the bleedings. Collecting data from the revised works, we estimated a failure rate of all conservative treatments combined of 2.6% (3/114 patients underwent conservative treatment). Emergency surgical approach was necessary in 28 of 114 cases. This means that almost 25% (2.2% to 30.4%) of patients admitted with a diagnosis of diverticular bleeding could undergo surgery (Table 4) .
DISCUSSION
Patients with diverticular disease may develop diverticular bleeding in 3% to 15% of cases 21, 22 ; however, this condition usually stops spontaneously up to 90% of times. 23, 24 The mechanisms for colonic diverticular bleeding is not completely understood. Probably the bleeding is caused by perforation of small arteries, damaged in their endothelial layer. The first injury produces an eccentric damage to the lumen of the artery that reacts with eccentric intimal thickening. 25 If damage persists or recurs, the first thickening becomes concentric, the arterial wall weakens and leads to eccentric rupture and bleeding. Atherosclerosis has been considered to be the main cause of diverticular bleeding. Nonsteroidal anti-inflammatory drugs, cerebrovascular disease, and hyperuricemia are significant predictors of diverticular bleeding. The most significant risk factor is the current usage of nonsteroidal anti-inflammatory drugs, because they inhibit prostaglandin synthesis and platelet aggregation, causing bleeding if diverticular disease is present. 26 Hyperuricemia favors diverticular bleeding. Elevated uric acids induce the oxygenation of low-density lipoprotein cholesterol and promote lipid peroxidation, causing elevated production of oxygen-free radicals. These events show progression of atherosclerosis. 27 Atherosclerosis and related diseases favor diverticular bleeding 28 and a prospective study must be planned to demonstrate that atherosclerosis may cause diverticular bleeding. Contrast-enhanced computed 
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tomography (CT) is useful to detect colonic diverticular bleeding. 29 Extravasation of contrast medium was observed in 30% of patients and in 68% of the patients with diverticular bleeding, bleeding diverticula were identified and treated with colonoscopy. In patients with diverticular bleeding, contrast-enhanced CT is mandatory before colonoscopy, because identifying the source of bleeding prior to surgery may result in a less invasive urgent colonoscopy and more effective hemostasis. 29 Diagnosis of bleeding diverticulosis has evolved during the last decade with the constant use of CT helical angiography and selective mesenteric angiography performed in those patients in whom colonoscopy is not feasible, contraindicated or incomplete. 30 The management of bleeding colonic diverticula is very heterogeneous in the analyzed literature and it has evolved in the last 10 years with the introduction of interventional endoscopy (epinephrine injection, multipolar or heat probe coagulation, placement of endoclips and band ligation) and angiographic treatment through the use of intra-arterial infusion of vasopressin (TAE) (Figure 2 ). Approximately 10% to 25% of patients require urgent surgery for hemodynamic instability. Morbidity and mortality have been reported to be 17% and 8.3%, respectively, in patients with acute colonic diverticular bleeding who have undergone urgent surgery. 18 Normally, surgery by means of laparotomy or laparoscopy is considered the treatment of choice if hemodynamic instability occurs or in case of failure of less invasive treatments such as endoscopy or angiography. 31 The colonic resection may be limited to the segment in which the bleeding is located. On the other hand, in patients with persistent bleeding and no angiographic or endoscopic identification of a definite bleeding source a subtotal colectomy may be required. 32 In 13.8% of the cases, an urgent colectomy becomes necessary, but is burdened by high mortality and morbidity rates (20%). 18 In all the analyzed studies, urgent colonoscopy was performed to achieve the diagnosis of diverticular bleeding. Timing and type of preparation to this procedure are still matter of debate. 31, 33 It is commonly accepted that early colonoscopy within 24 hr may improve both diagnosis and management of the bleeding thus reducing the length of hospital stay. Once the bleeding site was successfully identified and did not stop spontaneously, the majority of authors (Niikura et al 13 , Tanaka et al   15 , Poncet et al 17 , and Chen et al 18 ) performed endoscopic hemostasis with various techniques such as epinephrine injection, multipolar or heat probe coagulation, endoclips placement, and band ligation. When those latter failed, TAE was performed in order to stop the bleeding. Surgical colectomy was considered only in case of hemodynamic instability, or after arteriography for identification of the site of diverticular bleeding, or when TAE was unsuccessful. All patients with active bleeding on admission enrolled in Fujino's study were treated with endoclips placement. 12 Drawing on our review, we can suggest that the management of diverticular bleeding should go through 4 phases: primarily active surveillance pending the remission, followed in cases of not spontaneous hemostasis, with an interventional endoscopic treatment as first-line therapy. In all cases, when the endoscopic approach is not curative, a second-line treatment should be considered. TAE, however, although effective, requires a blood flow of more than 1 mL/ min, 34 angiography must be performed during the active bleeding, which is often intermittent, in order to detect the exact source and the use of contrast in elderly patients may cause acute renal failure. Finally, the risk of bowel infarction after TAE has been reported 13% to 33% of patients. 11 Heianna et al 10 proposed a colonoscopy-guided superselective arterial embolization for patients in whom endoscopic treatment was not effective. In these cases, some radiopaque clips were placed at the bleeding site during colonoscopy to mark the embolization site for the subsequent angiography. We consider TAE useful as a second conservative step before resorting to surgery, mostly in those cases where surgery can present several perioperative complications. In fact, as reported in the literature, surgery should be reserved only to patients that cannot be managed conservatively. As reported, the low failure rate of both the conservative treatments encourage this kind of approach, reserving surgery for the instances without alternative (severe hemorrhage and hemodynamically unstable patients). The surgical management depends on the bleeding site: hemicolectomy after diagnosis of left colon diverticula or total abdominal colectomy with ileorectal anastomosis in case of uncertainty of the exact bleeding site. The incidence of overall recurrent colonic diverticular bleeding was 38%. 35 Recurrence rate within the first year was 15%, which becomes 30% by the end of the second year. Colonic diverticular bleeding often recurs within a short period of time and nonsteroidal anti-inflammatory and anti-platelet drugs increase the risk of recurrence.
CONCLUSION
Colonic diverticular bleeding stops spontaneously in over 80% of cases but often recurs. According to the most recent literature, the management of acute or persistent colonic diverticular bleeding has evolved with the advent of interventional endoscopy and angiography. That allowed restricting urgent colectomy only in case of failure of such less invasive procedures or hemodynamic instability of the patient. However, as no RCTs are available many points of debate still remain open.
